B lymphocyte stimulator (BLyS) is a member of the tumor necrosis factor (TNF) ligand superfamily. Although BLyS costimulates adaptive immune cells, the ability of BLyS to stimulate innate immune cells has not been described. Here, we show that BLyS strongly induces human monocyte survival, and activation as measured by proinflammatory cytokine secretion and upregulation of costimulatory molecule expression. In addition, monocytes cultured with BLyS differentiated into macrophage-like cells. Regarding BLyS receptor(s) expression, freshly isolated monocytes bound low levels of exogenous BLyS, expressed primarily intracellular TACI, and cell surface TACI levels increased following monocyte activation. Of interest, bone marrow monocytes from some multiple myeloma patients expressed significant levels of cell surface TACI at isolation. Our findings indicate that BLyS plays a role in activating innate immune cells.
Introduction
Monocytes are produced in the bone marrow, circulate in blood for 1 to 3 days before entering tissues or undergo apoptosis if they do not encounter specific survival signals 1-3 . The mechanisms regulating monocyte apoptosis are not fully understood. It is known, however, that LPS, GM-CSF, M-CSF, TNF-α, or IL-1β all inhibit monocyte apoptosis and induce prolonged monocyte survival [3] [4] [5] . Monocytes play an important role in initiating activation of the innate immune system, e.g., phagocytosis further activates monocytes to secrete proinflammatory cytokines and chemokines in inflamed tissues 6 . Monocytes can differentiate into either macrophages 7 that display enhanced ability to phagocytose, or dendritic cells (DCs) 8 that function as antigen presenting cells that play a central role in activating the adaptive immune system. These cells provide a first line host defense against viral and bacterial infection.
B lymphocyte stimulator (BLyS) is a member of the TNF family (also named BAFF, zTNF4, THANK, and Tall-1), which is expressed as a full length 285 amino acid transmembrane molecule, and cleaved from cells as a 152 amino acid soluble ligand following processing by a furin-like protease 9, 10 . Soluble BLyS exists as a trimer or oligomer and is thought to be the primary effector of in vivo function. However, cell-associated BLyS also induced proliferation of anti-IgM stimulated B lymphocytes 10 , and more recently, T cells were shown to only respond to immobilized BLyS 11, 12 .
BLyS is produced by myeloid lineage cells, malignant B cells, activated T cells, and bone
marrow stromal cells [13] [14] [15] [16] [17] . Monocyte stimulation with IFN-γ, TNF-α, or IL-10 increases BLyS production 14 . Bacterial components like LPS and peptidoglycan can also up-regulate BLyS secretion by macrophages, dendritic cells and monocytes 14, 18 .
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From BLyS has three receptors: BCMA (B cell maturation antigen), TACI (transmembrane activator and CAML-interactor) and BAFF-R (BAFF receptor) [19] [20] [21] [22] . These receptors belong to the TNF receptor superfamily, all of whom possess an extracellular domain containing multiple cysteinerich domains (CRD) and intracellular sequences containing TNF receptor associated protein (TRAF) binding sites. These receptors are primarily expressed in B lineage cells. BCMA is exclusively expressed in B cells. However, a subset of T cells has also been shown to express TACI and BAFF-R 11, 12, 23 . Because of the expression pattern of BLyS receptors, most studies to date have focused on the effects of BLyS on adaptive immune cells and these studies show that BLyS costimulates B cell proliferation and induces cell survival 18, 24 and can also function as a T cell costimulatory molecule 11, 12, 23 . Whether BLyS has functional effects on other cell lineages has not been reported.
BLyS transgenic mice developed a syndrome with similarities to systemic lupus erythematosus (SLE) in humans 24, 25 . Furthermore, BLyS levels are higher in human autoimmune disease, such as SLE and Sjogren's syndrome [26] [27] [28] , rheumatoid arthritis (RA) 29, 30 , as well as in multiple myeloma (MM) 31, 32 . Monocytes/macrophages are recruited into inflamed tissues and they play a key role in initiating immune responses. However, monocytes are currently viewed as BLySproducing cells, and the possibility that BLyS may also play a signaling role in monocytes has not been previously demonstrated. Of interest, a recent study showed that the incidence of apoptosis among BLyS-expressing cells, mostly CD68 positive monocytes/macrophages, in salivary gland tissue was significantly lower in patients with Sjogren's syndrome (SS) compared with healthy controls 26 .
Here, we show that BLyS strongly induces monocyte survival, activation, and differentiation into macrophage-like cells. Thus, our data suggest that BLyS regulates the function of innate immune cells as well as adaptive immune cells. BLyS binding receptors, cells were first fixed and permeabilized using a fixation/permeabilization kit purchased from Caltag, and then cells were stained following the same methods described above. For all flow cytometric analyses, we used the FcγR blocking reagent (Milltenyi Biotech, Auburn, CA) before or with primary antibody staining in monocytes.
FACS analysis
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From For analysis of apoptosis by flow cytometry, 0.5x10 6 /1ml monocytes were cultured with 5% FBS/RPMI for 3 days, washed with PBS and stained with FITC-conjugated annexin-V for 20 min at 4 o C in annexin-V binding buffer (140 mmol/L NaCl, 5 mmol/L CaCl 2 , 10 mmol/L HEPES, pH 7.4). After washing with annexin V binding buffer, cells were resuspended with 0.5 ng/ml PI in annexin V binding buffer, and immediately analyzed using a FACScalibur (Becton Dickinson).
Data were analyzed with FlowJo software (Tree Star) and WinMDI software.
Immunoblotting
Freshly isolated or stimulated CD14+ monocytes (2X10 6 ) were lysed using RIPA lysis buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1% NP-40, 0.1% SDS, 1 mM EDTA, 15 mM sodium molybdate, 1 mM NaF) supplemented with protease inhibitors (10 µg/ml leupeptin, 10 µg/ml aprotinin, 10 µg/ml pepstatin, and 1 mM PMSF). Lysates were cleared of insoluble material by centrifugation for 15 min at 13000 rpm and subjected to 12% SDS-PAGE and transferred to Immobilon-P membranes (Millipore Corp., Bedford, MA). Membranes were blocked in TBS-T (25 mM Tris-HCl (pH 7.2), 150 mM NaCl, 0.2% Tween) supplemented with 5% nonfat skim milk for 1 h at room temperature. Iκ-Bα, TACI, and p52 were detected using specific antibodies for overnight incubation at 4 o C. After washing three times with TBS-T, the membranes were incubated with horseradish peroxidase-conjugated anti-IgG for 1 hour at room temperature. After washing four times with TBS-T, proteins in the membranes were then visualized using the SuperSignal West Pico Chemiluminescent Substrate (Pierce Biotechnology, Rockford, IL).
Quantification of cytokine secretion
IL-6, TNF-α, and IL-1β levels were determined in cell-free culture supernatants using cytokinespecific ELISA kits purchased from R&D Systems, Inc. Results are shown in nanograms per milliliter or picograms per milliliter (as mean +/-s.d., n=3). 
Results

BLyS prevents monocytes from undergoing spontaneous apoptosis
During our studies of BLyS on the survival of malignant plasma cells obtained from MM patients, we observed that BLyS appeared to augment monocyte survival in cultures of MM patient bone marrow MNC (data not shown). To pursue this observation, we began this study by assessing the effects of exogenous BLyS on peripheral blood monocytes obtained from healthy adults. As shown in Fig. 1A , monocytes cultured in media alone expressed lower levels of CD14 and a significant subset completely lost CD14 expression in a manner that correlated with the appearance of a subset of non-viable cells as revealed by decreased forward light scatter ( Fig.   1B ). In striking contrast, monocytes cultured with BLyS maintained high levels of CD14 expression and the cells increased in size. It has been reported by others that CD14 expression is only maintained on viable monocytes 3 . The apparent ability of BLyS to augment in vitro monocyte survival was also consistent with cell morphology as analyzed by light microscopy (data not shown). In addition, cell aggregation was readily apparent in monocytes cultured with BLyS (data not shown).
To more rigorously determine whether BLyS attenuated monocyte apoptosis in vitro, we next analyzed monocyte apoptosis using annexin-V and PI staining. Fig. 1C shows that BLyS promoted monocyte survival as compared with cells cultured in media alone. Monocyte survival is known to be enhanced when cells are cultured in the presence of human serum 33, 34 .
However, in results not shown, BLyS augmented monocyte survival even when cells were cultured with human serum for 3 days (80% viability in the absence of BLyS vs. >90% viability in the presence of BLyS, P < 0.01, n=3). Because of a previous report that BLyS binds to B cells, but not T cells, monocytes/macrophages, granulocytes, or NK cells 9 , our observations that BLyS augmented monocyte survival were unexpected and prompted us to test several additional For personal use only. on October 22, 2017. by guest www.bloodjournal.org From preparations of recombinant BLyS. Of note, recombinant human BLyS is available in two different forms. One form contains most of the extracellular domain as well as the stalk region (amino acids 83-285) and is hereafter referred to as the long form of BLyS ( L BLyS). The other form includes amino acids 134 to 285 and lacks the stalk region and is hereafter referred to as the short form of BLyS ( S BLyS). Our initial screen of these two forms of BLyS demonstrated differences in their effects on monocyte survival when used at a uniform concentration of 100 ng/ml ( Fig. 1D ). Both preparations of L BLyS clearly enhanced monocyte survival whereas two preparations of S BLyS appeared to be ineffective. The differential effect of L BLyS vs. S BLyS on monocytes was surprising given that we were able to demonstrate that all four of these BLyS preparations were able to enhance anti-Ig stimulated human B cell proliferation to a similar degree (data not shown). Because it was formally possible that the BLyS-promoting effects on monocyte survival may be dependent upon absolute levels, particularly given that the long form of BLyS may be more likely to exist as a multimer, we next carried out a more comprehensive titration of the effects of both S BLyS and L BLyS on in vitro monocyte survival. L BLyS promoted monocyte survival at concentrations as low as 15.6 ng/ml and achieved maximum effectiveness when used at 62.5 ng/ml ( Fig. 2A) , whereas two to three times more S BLyS was needed to see a comparable level of L BLyS activity ( Fig. 2B ).
BLyS mediated-enhancement of monocyte survival does not result from endotoxin contamination
Our results thus far suggest the intriguing possibility that monocytes may be capable of both producing BLyS 14 and responding to BLyS. However, because endotoxin is a potent activator of monocytes 3, 35 , it was formally possible that endotoxin contamination accounted for the ability of BLyS to stimulate monocyte survival. We therefore subjected both BLyS and LPS, as a control, to heat inactivation by boiling for 30 minutes, and then assessed the ability of the heatinactivated BLyS and LPS to augment in vitro monocyte survival as compared with control, non-heat-inactivated reagents. L BLyS induced monocyte survival in a dose dependent manner, and its ability to augment monocyte survival was completely abrogated by heat inactivation ( Fig. 2A ).
The ability of S BLyS to promote monocyte survival was also destroyed by heat inactivation, although very high levels of S BLyS may introduce some levels of endotoxin ( Fig. 2B) , as suggested by the resistance of the survival promoting activity to heat inactivation. In contrast, LPS strongly enhanced monocyte survival, and as expected, this activity was resistant to heat inactivation ( Fig. 2C ). To assess the reproducibility of the effects of S BLyS and L BLyS on promotion of monocyte survival, we next chose 100 ng/ml L BLyS, 500 ng/ml S BLyS, and 20 ng/ml LPS, and then repeated the experiments on monocytes obtained from three to five different donors. As seen in Fig. 2D , L BLyS strongly and reproducibly induced monocyte survival, and those effects were completely abrogated by heat inactivation (P < 0.001) ( Fig. 2D ).
Statistically significant results were also observed when S BLyS at a concentration of 500 ng/ml was used (P < 0.001) ( Fig. 2E ). Consistent with the results shown in Fig. 2A -C, heat inactivation had no effect on the ability of LPS to augment monocyte survival ( Fig. 2D-E ). In addition, when the LPS inhibitor, polymyxin B, was assessed for its effects on BLyS-induced survival, whereas it completely inhibited LPS-induced survival, it was largely without effect on BLyS-induced survival (Supplemental Fig. 1 ). Collectively, these results indicate that BLyS highly enhances monocyte survival, and this effect does not result from trace levels of endotoxin contamination.
BLyS stimulates NF-κB activity
Several previous studies have demonstrated BLyS-mediated activation of the classical and nonclassical NF-κB pathways in B cells [36] [37] [38] . We therefore asked if BLyS stimulation enhances NF-κB activation in monocytes. To measure classical NF-κB activation, monocytes were stimulated with L BLyS for varying lengths of time, and NF-κB activation was measured by IκBα degradation using immunoblotting. Activated NF-κB components are released from IκBα, a specific inhibitor For personal use only. on October 22, 2017. by guest www.bloodjournal.org From that retains NF-κB components in the cytoplasm 39 . As shown in Fig. 3A , BLyS promotes IκBα degradation as early as 10 minutes and cellular levels of IκBα returned to baseline levels approximately 3 hours later. These results are similar to what has been reported in B lineage cells 36, 40 . To exclude endotoxin contamination again, we stimulated monocytes with BLyS or LPS with or without 10 or 50 µg/ml of the LPS inhibitor, polymyxin B, and then analyzed IκBα degradation. In LPS-stimulated monocytes, IκBα degradation was inhibited by polymyxin B in a dose dependent manner. However, BLyS still induced IκBα degradation even in the presence of polymyxin B (Fig. 3B ). S BLyS was also able to activate the classical NF-κB pathway in the presence of polymyxin B (Fig. 3C ).
Next, we determined whether BLyS also induces non-classical NF-κB activation in monocytes. L BLyS stimulation triggered generation of p52 from p100 molecules with delayed kinetics, and of interest, it also increased the relative levels of p100 over time (Fig. 3D ). In summary, these results indicate that BLyS induces processing of both IκBα and p100 in monocytes, and that this did not result from endotoxin contamination.
BLyS promotes monocyte activation and differentiation
Activated monocytes express proinflammatory cytokines such as IL-6, IL-1β, TNF-α, and IL-8 6 .
Therefore, we next determined whether BLyS promotes cytokine production by monocytes using ELISA. We were unable to detect IL-6 in supernatants harvested from monocytes cultured in media alone for 24 hours; however, BLyS-treated cells produced IL-6 ( Fig. 4A ). We also confirmed that BLyS induced IL-6 expression at the mRNA level using RT-PCR (data not shown). Moreover, BLyS also induced TNF-α and IL-1β secretion by monocytes ( Fig. 4B and   4C ). It is important to note that M-CSF or GM-CSF plus IL-4 did not stimulate monocyte IL-6 or TNF-α secretion, however, addition of these cytokines did promote monocyte survival as For personal use only. on October 22, 2017. by guest www.bloodjournal.org From effectively as did BLyS as revealed by cell morphology (Fig. 4E, right column) . Thus, BLySstimulated monocyte secretion of IL-6, TNF-α, and IL-1β did not simply reflect higher monocyte viability but instead suggested that BLyS triggers monocytes to secrete those cytokines. As a further measure of BLyS-induced activation/maturation of monocytes, we analyzed the effects of BLyS on expression levels of several cell surface markers. Compared with control cells, BLyS significantly up-regulated cell surface CD80 and CD40 expression ( Fig. 4D ; P = 0.0093 and 0.0227, respectively) and significantly decreased CD86 expression (P = 0.0179). MHC class I was not changed, and HLA-DR was slightly decreased by BLyS stimulation, albeit not significantly (P = 0.0725). Collectively, these data suggest that BLyS enhances monocyte activation and secretion of proinflammatory cytokines. In addition, BLyS induced monocyte aggregation (data not shown), further adding support to the conclusion that BLyS induces monocyte activation.
Monocytes can either differentiate into macrophages in vitro in response to M-CSF 7 , or immature DCs in response to GM-CSF and IL-4 8 . To determine whether BLyS is involved in monocyte differentiation, monocytes were cultured with BLyS for 6 days. For controls, monocytes were cultured with GM-CSF and IL-4, or M-CSF. We found that monocytes cultured with BLyS maintained high levels of CD14 expression, but did not express CD1a, a specific DC marker ( Fig. 4E, left column) . Cells cultured with BLyS displayed macrophage morphology as evidenced by the presence of many vacuoles in the cytoplasm (Fig. 4E, left 
TACI is expressed in monocytes
Our results thus far clearly demonstrate that exogenous BLyS stimulates monocyte survival and activation. To determine by what mechanism this occurs, we next used flow cytometry to assess BLyS binding and expression of the known BLyS binding receptors, BAFF-R, TACI, and BCMA expression on monocytes. The level of BLyS binding on freshly isolated monocytes was very low when assessed by flow cytometry (Fig. 5A ) and somewhat variable between experiments (data not shown). In an alternative strategy to detect BLyS binding to freshly isolated monocytes, we next used western blotting. As shown in Figure 5B , there were trace levels of a 17 kDa band in both preparations of monocytes, however, the intensity of this band was clearly increased when cells were incubated with S BLyS (Expt. 2) and a 28 kDa band appeared when cells were incubated with L BLyS.
Of interest, despite our ability to demonstrate binding of exogenous BLyS (Fig. 5A,B) , expression of TACI, BCMA, and/or BAFF-R was either absent or below the levels of detection by flow cytometry (Fig. 6A) . In contrast, intracellular analysis of BLyS binding receptor expression using permeabilized cells demonstrated that TACI was highly expressed whereas BCMA and BAFF-R were not (Fig. 6B ). Moreover, TACI expression was confirmed at the protein level by western blotting (Fig. 6C ) and mRNA level by RT-PCR (data not shown). Because other members of the TNF family have been shown to preexist in the cytoplasm and translocate to the surface following activation [41] [42] [43] , we next examined TACI expression on monocytes that had been cultured overnight with or without BLyS. As seen in Fig. 6D , TACI expression was barely detectable in control cells, however, TACI was clearly present on cells cultured with BLyS, albeit the expression levels were variable among donors. BCMA and BAFF-R remained undetectable on the cell surface after culturing (Fig. 6D ). We also found that IL-10 (Supplemental Fig. 2 online) was able to increase surface TACI expression. Therefore, we suggest that TACI is the responsible receptor for the BLyS-mediated effects in monocytes. 
TACI is expressed in bone marrow monocytes from MM patients
As mentioned earlier, we observed that BLyS augmented monocyte survival when bone marrow MNC from MM patients were cultured with BLyS (data not shown). Previous reports also showed that high levels of BLyS are present in the serum 31 and bone marrow of MM patients 32 .
Thus, we examined whether freshly isolated monocytes from the bone marrow of MM patients express TACI on the cell surface. We also tested monocytes obtained from patients with two other plasma cell disorders, MGUS and AL. TACI expression was not detected in monocytes from normal bone marrow ( Fig. 7A and 7B 
Discussion
Previous studies on the functional effects of BLyS have focused on adaptive immune cells. To our knowledge, there are no reports investigating the effects of BLyS on the function of innate immune cells, such as monocytes. In this study, we present evidence that BLyS strongly induced monocyte survival and activation/maturation as revealed by NF-κB activation and induction of proinflammatory cytokine secretion and expression of co-stimulatory molecules.
We have also identified TACI as the BLyS binding receptor in monocytes. Thus, our findings suggest that BLyS regulates the function of innate as well as adaptive immune cells.
Although the two different molecular forms of soluble BLyS used in this study both promoted monocyte survival, L BLyS was more effective than S BLyS. In this regard, previous reports showed that other TNF ligands, such as FasL and CD40L had higher activity in a membrane bound form or in a soluble form if it included the stalk region 44, 45 . The stalk region may facilitate stabilization of this molecule as a trimer, which is the functional form of members of the TNF ligand family. Even though L BLyS is not believed to exist naturally 10 
BLyS promoted both classical and nonclassical NF-κB activation in monocytes. Our observation that BLyS stimulates p100 expression in monocytes differs from previous studies in B cells
showing that BLyS reduces the level of p100 molecules 37, 40 . However, it has been shown that For personal use only. on October 22, 2017. by guest www.bloodjournal.org From LPS, IL-1β, and TNF-α induce p100 expression at mRNA and protein levels 46 . An additional study demonstrated that TNF stimulates p100 synthesis through activation of the classical NF-κB pathway 47 . At this point, it remains unclear as to whether increased p100 levels in monocytes resulted from direct activation of the classical pathway by BLyS, or as a secondary response to inflammatory cytokines, such as TNF-α, induced by BLyS. In additional studies not shown, we have also demonstrated that BLyS is similar to TNF-α in its ability to stimulate activation of p38 and MAP kinase. Of interest, the kinetics of p38 and MAPK activation were delayed in comparison with LPS-mediated activation of these signaling intermediates.
Additional studies examining down-stream signaling consequences are warranted to determine whether there are any signals that are uniquely triggered by BLyS. However, it is also possible that BLyS-mediated signals are not unique from other members of this cytokine superfamily, but instead BLyS adds another level of redundancy to this family of molecules 48 .
Monocytes activated by BLyS secreted significant amounts of IL-6, TNF-α, and IL-1β. Even though M-CSF and GM-CSF maintain monocyte survival and support monocyte differentiation, they are not able to induce detectable secretion of TNF-α, or IL-6 protein in monocytes by themselves 49, 50 . Thus BLyS-stimulated monocyte secretion of IL-6, TNF-α, and IL-1β did not simply reflect higher monocyte viability, indicating that BLyS is uniquely capable of activating monocytes to produce the proinflammatory cytokines.
When BLyS receptor expression was previously screened among normal human peripheral blood nucleated cells, monocytes appeared not to express receptors for BLyS 9 . Interestingly, another study has shown that TACI mRNA is expressed in monocytes and increased in IL-10 stimulated monocytes, although the expression levels are much lower compared with B cells 51 .
In our study, we too observed that freshly isolated monocytes did not express detectable levels For personal use only. on October 22, 2017. by guest www.bloodjournal.org From of surface BAFF-R, TACI, or BCMA by flow cytometry, however, following overnight culture with BLyS or IL-10, we found that monocytes acquired detectable levels of cell surface TACI.
Despite the FACS data, our results demonstrating BLyS binding by western blotting and NF-ĸB activation in freshly isolated monocytes support the possibility that low levels of surface TACI are indeed present, and that following activation, these levels increase perhaps as a result of activation-induced increased shuttling of cytoplasmic TACI to the cell surface. It is also possible that a yet to be identified receptor might be involved in the initial effect of BLyS and surface TACI expression in monocytes. Many studies have shown that recruitment of monocytes into inflammatory sites requires interaction with endothelial cells and extracellular matrix proteins by adhesion molecules. Interaction of those adhesion molecules with their ligands is known to play a role in monocyte activation and maturation, including priming cells to respond to stimuli 52, 53 .
During transmigration into inflamed tissues, monocytes may acquire increased cell surface TACI expression thereby allowing monocytes to respond to BLyS produced in inflamed tissues. After they arrive at the inflammatory site, they also begin to express more BLyS in response to known inflammatory cytokines 14, 18 . Moreover, other types of cells, such as neutrophils 16 , dendritic dells 14 , and some epithelial cells 26 produce BLyS. In this cytokine rich environment, monocytes may respond to elevated BLyS through TACI by secreting inflammatory cytokines such as IL-6, TNF-α, and IL-1β and finally differentiate into tissue macrophages. However, it remains unclear how TACI is up-regulated on cell surface by BLyS or IL-10, but not by IFN-γ and TNF-α. Even though BLyS is produced by IFN-γ and TNF-α stimulated monocytes 14, 18 , the level of BLyS production after overnight culture may not be sufficient to up-regulate surface TACI expression.
Alternatively, IL-10 and BLyS may deliver unique intracellular signals required to activate transportation of cytoplasmic TACI to the cell surface. Additional studies are required to elucidate the precise mechanism of cytokine-induced expression of cell surface TACI.
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From A recent study suggested that BLyS augments Th1-mediated delayed-type hypersensitivity reactions, and a high degree of inflammation 54 . Monocyte/macrophages release immunoregulatory cytokines, such as IL-10 and IL-12, which are critically involved in the regulation of the Th1 or Th2 differentiation of the lymphocyte response 55 . In addition, macrophages play a key role in the initiation, maintenance, and resolution of inflammation by producing a wide range of cytokines or chemokines that participate in both beneficial and detrimental outcomes in inflammation 6 . Our data demonstrate that monocytes cultured with BLyS differentiated into macrophage-like cells. Thus, macrophages differentiated by BLyS could be involved in Th1 type-inflammatory diseases. It has been shown that BLyS is highly expressed in various autoimmune diseases [27] [28] [29] [30] . For example, in rheumatoid arthritis, synovial inflammatory infiltrates typically include T cells, B cells, macrophages, and DCs 29 . BLyS is highly expressed by a subset of CD68 positive macrophages in rheumatoid synovitis 29 . In those microenvironments, recruited monocytes may be activated and survive well by responding to the membrane bound form ( L BLyS) as well as the soluble form ( S BLyS) that would be abundantly present in this environment. It would therefore be interesting to look at the contribution of monocytes/macrophages in BLyS related autoimmune diseases.
Of interest, freshly isolated bone marrow monocytes from some MM patients expressed TACI.
By contrast, bone marrow monocytes obtained from MGUS and primary amyloidosis patients and from healthy adults did not express detectable cell surface TACI by flow cytometry. We have previously shown that BLyS is highly expressed in the bone marrow of some patients with MM compared with healthy controls 32 . Surface TACI expression by monocytes may therefore depend on the bone marrow microenvironment, and in the case where BLyS levels are high, this may result in monocyte activation as revealed by TACI expression. This speculation is consistent with our in vitro results demonstrating the ability of BLyS to stimulate TACI expression. In addition, Moreaux et al. showed that serum levels of BLyS from most myeloma patients were in the range of 10-100 ng/ml 31 . From our in vitro data, 100 ng/ml BLyS strongly induced monocyte survival and even 15.6 ng/ml L BLyS promoted monocyte survival up to 50%.
Thus, we suggest that monocytes may be activated through a BLyS-TACI interaction and thereby secrete proinflammatory cytokines, including IL-6 which is a known survival and growth factor for myeloma cells. Monocytes may therefore also play a role in multiple myeloma disease progression. However, additional studies examining a larger cohort of patients are clearly warranted to more rigorously test this hypothesis.
In conclusion, our findings demonstrate that BLyS regulates innate immune responses through monocyte activation and maturation, in addition to playing a role in adaptive immune responses.
The dysregulation of BLyS production may contribute to induction of abnormal monocyte/macrophage activation, resulting in exacerbating certain inflammatory autoimmune disorders, as well as MM. 
Figure 4
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